Abstract. The study purpose was to develop a patient's prognostic index (PI) reflecting the genetic information in cDNA microarray-based CGH experiment data for estimating a gastric cancer patient's survival time. The developed methodology was fit to and validated using data from the Cancer Metastasis Research Center at Yonsei University; 30 pairs of gastric tumors and normal gastric tissues were used in the cDNA microarray-based CGH. The cDNA microarrays containing 17,000 sequence-verified human gene probes were directly compared. Genetic alteration score (GAS) was constructed based on the genes that had a high frequency of alteration among all the genes displaying small variations across the arrays. GAS was determined using a technique that finds linear combinations of the original variables that best account for the variability in the data. When classifying cancer patients with the PI predicted by the model incorporating GAS, the correct classification rate for recurrence was 83.33%. In conclusion, GAS allowed for providing an independent patient's PI that reflects the genetic information for prognosis on hazard rate of recurrence, which was capable of distinguishing a patient's recurrence status, survival status and cancer stage status. The predicted PI also provided each patient's estimated disease-free survival rate. In this study, 82 genes were selected for analysis based on a high frequency of alteration and small variations across the arrays. In addition, 13 genes displaying a possible relationship with disease-free survival time were identified. GAS was found to be associated with the recurrence status and survival status.
Introduction
Gastric cancer is a major cause of human cancer-related mortalities (1) . A genomic alteration detected by cDNA microarray-based CGH can easily be translated into both sequence and gene identification, which can provide additional information concerning the complex chromosomal rearrangements and imbalances (2) . A gastric cancer related, cDNA microarray-based CGH experiment was performed for investigating genomic aberrations with a high resolution at the Cancer Metastasis Research Center at Yonsei University (3, 4) . Thirty pairs of gastric tumors and normal gastric tissues were used and the cDNA microarrays containing 17,000 sequence-verified human gene probes were directly compared. For analyzing cDNA microarray-based CGH data it was important to identify genes altered in gastric cancer since cDNA microarray-based CGH data include special features such as low-intensity spots. For the reason that analysis using mean values, such as the t-test, does not well identify 'altered gene' where its mean copy-number change should be over the criterion on alteration, frequency analysis was conducted in this study to detect subtle differences in copynumber change. For performing frequency analysis it was necessary to deal with variation of gene over the arrays because frequency analysis, such as a 1.5-or 2-fold change cut-off, does not consider variations of the gene over the arrays. In our previous study, a reproducible gene selection algorithm (RGSA) was developed for controlling variations of the genes across arrays with the same data as the cDNA microarraybased CGH at the Cancer Metastasis Research Center at Yonsei University (5). Kadota et al developed the preprocessing implementation for microarray (PRIM) for extracting reproducible data from the result of duplicate experiments (6) . Rosner (7) and Dowdy and Wearden (8) introduced intra-class correlation coefficient and its application with random effect model. In RGSA, the variability of measurements across arrays was quantified via a random effect model and a measurement of reproducibility was incorporated using intra-class correlation coefficient. RGSA controls both reproducibility and the number of remaining ONCOLOGY REPORTS 22: 421-431, 2009 Prognostic index reflecting genetic alteration related to disease-free time for gastric cancer patient genes. The well filtered set of this article suggested had both reproducibility and number of remaining genes were maximized. This study concerned the genes altered in gastric cancer and selected genes altered utilizing RGSA for filtering genes with small variations across arrays after taking the steps of within-print tip, intensity-dependent normalization on the data.
A genetic alteration score (GAS) was determined from genes displaying alterations in gastric cancer with the aim of finding characteristics that are related to the disease-free time. Using this scoring system, it was possible to search for specific genes that have a possible relationship to disease-free time of gastric cancer and to predict the prognostic index (PI) for the hazard rate of cancer recurrence, which reflects the genetic information of a gastric cancer patient. It was also possible to estimate a patient's disease-free survival rate for gastric cancer with this predicted PI. For this purpose, a genetic scoring system related to the hazard rate was established.
For scoring genetic information, Yang et al related the summation of changes in the number of gene copies of amplified genes (without considering deletions) to the recurrence of cancer (4) and Inoue et al assigned a weight of +1 or -1 to the gene depending on its characteristic for the five conventional pathological factors in relation to gastric cancer (9) . Liu and Huang suggested a linear transformation method for cancer classification using rotation forest (10) . Liebermeister applied independent component analysis to gene expression data for deriving a linear model based on hidden variables (11). Park et al developed a linear transformation method linking gene expression data with patient survival time using partial least squares method (12) .
In the present study, not only was the gain considered but also the loss in the number of gene copies and a weight was assigned to each gene according to its contribution to the genetic score, which was related to the disease-free time of gastric cancer. In this process, the variability of the genes altered in gastric cancer was decomposed with several latent factor variabilities that represent common characteristics of the genes using factor analysis technique, where the latent factors were independent components and consisted of linear combinations of the genes. Among these common characteristics, the characteristic that was related to the disease-free time of gastric cancer was obtained to establish a score system that assesses the hazard rate with variable selection of the Cox's proportional hazard model. Cox (13) introduced regression model in life tables and proportional hazard model and Agresti (14) and Lee (15) also discussed regression model for lifetime. The selected common factor characterizing the relationship to the disease-free time provided the patient's genetic alteration level, which was based on changes in the gene copy-number. These genetic alteration levels were used as the GAS. GAS can be used to search for genes that have a possible relationship to the disease-free time and to predict a PI, which reflects the genetic information of a gastric cancer patient.
The strategy of this study was to: a) select genes that were altered in gastric cancer; b) construct the statistical model for the characteristics of the representative genes using a linear combination of common (latent) characteristics of the representative genes; c) find characteristics that were related to the disease-free time via variable selection in Cox's proportional hazard model; d) apply GAS for predicting the PI of a gastric cancer patient's hazard upon recurrence and thus disease-free survival rate and find genes that were related to disease-free time by investigating the loading of GAS for each gene.
The methods used to accomplishing this are discussed in the following sections of this study; 'Materials and methods' section explains data preparation for this study and describes how to establish GAS related to the disease-free time of gastric cancer. In 'Results' section genes related to the disease-free time are searched, the PI, which reflects the genetic information of each gastric cancer patient is predicted and cumulative disease-free survival rates on patient groups are also predicted and shown with figures. In addition, the recurrence status, survival status and cancer stage of gastric cancer patients was classified using the predicted PI and the correct classification rate was calculated.
Materials and methods
cDNA microarray-based CGH data were obtained from the Cancer Metastasis Research Center at Yonsei University and analyzed with an application of the RGSA, which was developed in our previous study. Patient and tissue samples were prepared as follows: 30 pairs of normal gastric mucosa and cancer tissues were obtained from gastric cancer patients who had undergone surgery at the Severance Hospital, Cancer Metastasis Research Center (CMRC), Yonsei University Health System, Seoul, Korea, from 1997 to 1999. The study followed the local ethical guidelines of the Institutional Review Board of the Yonsei University Medical Center, Seoul, Korea. The tissue samples were immediately frozen into liquid nitrogen at the time of resection and stored at -150˚C until further use. Clinical data description is shown in Table I .
Next, DNA extraction and cDNA microarray-based CGH was conducted as the following steps: genomic DNA extraction from the tissue was performed according to the conventional protocol using phenol/chloroform/isoamylalcohol method. The cDNA microarrays containing 17,000 human gene probes (CMRC-Genomictree, Korea) were used for CGH following the standard protocol of CMRC, Yonsei University (3, 4) . Briefly, 4 μg of the normal or cancer DNA from the same patient was fluorescently labeled with Cy3 or Cy5-dUTP (Amersham, USA), respectively, using a BioPrime DNA Labeling System (Invitrogen, USA). The labeling products were purified with a PCR purification kit (Qiagen, Germany) and combined with human Cot-1 DNA (30 μg; Gibco BRL, USA), yeast tRNA (100 μg; Gibco BRL) and poly(dA-dT) (20 μg; Sigma, USA). The hybridization mixture was then concentrated using Microcon 30 (Millipore, USA) and hybridized to the 17K microarray at 65˚C for 16-18 h. After washing, the microarray was scanned using GenePix 4000B (Axon Ins., USA). The experiment is done with direct comparison. In this experiment, normal and tumor genomic DNA samples are extracted from the same patient and hybridized on the same spotted array. cDNA (17K) microarray contained the 15,723 unique genes with 17,664 spots and these unique genes were mapped for their chromosomal location using SOURCE (http://genome-www5.stanford. edu/cgi-bin/source/sourceSearch) and DAVID (http://apps1. niaid.nih.gov/david/).
Data preparation and establishing GAS Data preparation. The transformation of the intensity signal to a ratio was carried out using the log 2 red to green ratio, log 2 (R/G), where R and G denote the fluorescent intensities of tumor and normal hybridizations, respectively. Pre-processing of the data was done with within-print tip, intensity-dependent normalization of Y following Yang et al (16) . Genes showing missing values for >20% of the total number of observations were deleted and 10-nearest neighbor method was employed for imputation of missing values. Averaged values were used in case of the multiple spots. At this step, 10,514 genes were found from the 30 microarrays and the set of these data was the initial set for analysis; filtering genes with RGSA was performed on this set.
Park et al evaluated genome-wide measurement of copynumber of each gene in normal gastric cancer and placenta tissues for determining the criteria on a genomic alteration with the same data of cDNA microarray-based CGH; the range of genomic copy-number of normal tissues was found to be ±0.3 of the log 2 fluorescence intensity ratio in the autosomal genes (3). This criterion was used for categorizing gene's copynumber change into alteration and non-alteration. The cDNA microarray-based CGH data for this study has been deposited into Array Express (http://www.ebi.ac.uk/arrayexpress/) Query:1283947172 E-TABM-171. Data analysis was performed with SAS V.9.1 (17) .
Establishing GAS. Variations of genes across arrays when selecting genes that were altered in gastric cancer were controlled in the process of creating the GAS; genes with relatively large variations to total variations were removed so that the reproducibility for the set of remaining genes increased. To optimize both the reproducibility and number of remaining genes, the threshold for the screened set was determined when the product of the reproducibility and the number of remaining genes was maximal (the number of remaining genes decreases when the reproducibility of the remaining genes increases and vice versa). The threshold, k, was used to determine which genes would be removed, where genes of variations k times larger than the total variation were removed. This set was named the well-filtered set (denoted by S opt ) and was subjected to the RGSA. Genes from this set with a high frequency (at least 30% frequency) of alteration (gain or loss) across arrays were identified after the genes in each array were categorized into two categories, alteration and non-alteration.
The criterion used to define gain/loss was +0.3 and -0.3, that is, genes that had between a +0.3 and -0.3 log 2 copychanges were categorized into the non-alteration group and those outside this regime were categorized into the alteration (gain or loss) group (3). Using this procedure, 101 genes were found to be altered in relation to gastric cancer and the data from 82 of the 101 genes were complete, while 152 genes were selected without considering variations in data across arrays. To compare the GAS obtained from the initial set, INI, and the well-filtered set, S opt , two GAS scores (denoted by GAS_I and GAS, respectively) were calculated based on the change in the copy-number of the selected genes from the two sets, where the initial set, INI, consists of all the genes without consideration of the gene variations in the set and the well-filtered set, S opt , consists of the screened genes where both the reproducibility and remaining genes were kept as large as possible. The estimated survival functions with significant prognostic factor and GAS_I or GAS (the significant prognostic factor incorporated in the survival model is discussed in Table IIIA) showed almost the same standard errors in each time interval even though GAS was created with a smaller number of genes than GAS_I. It is also worth noting that the genes used for GAS were selected from the set of genes with small variations compared to GAS_I. The average of the standard errors for the survival functions estimated with GAS_I and GAS were the same, 0.075. Table I . Clinical information of the patients. 
shows the estimated disease-free survival curves on the recurrence of gastric cancer in patient with an average prognostic factor using the two score systems, GAS_I and GAS, where the x-and y-axis stand for the patient's survival time to recurrence and cumulative disease-free survival rate, respectively. There was no significant difference between the two survival curves and also no significant difference between the two prognostic indices estimated with GAS_I and GAS (p-value of 0.8623).
In the next step, common (latent) characteristics of the 82 representative genes were identified by decomposing the characteristic of the representative genes with several latent characteristics that were common to all the representative genes. This is done using factor analysis with the objective of finding characteristic that was related to the cancer patient hazard rates of recurrence of gastric cancer.
To determine the proper number of common factors, a scree plot was examined and nine factors were identified when the decrease in the eigen value became stable and the cumulative variability was at least 70% (the 73% variability was explained with the nine factors) (Fig. 1b) .
Nine factors consisted of linear combinations of the selected 82 genes. The nine factors were used in a Cox's proportional hazard model, including the possible clinical prognostic factors.
Each gene had correlations with these nine common factors (characteristics), which are shown in Table IIA as factor loadings. Genes boldfaced showed a strong correlation with the corresponding factor. They in each factor explain the factor's characteristic that corresponded with the largest correlation when compared to the other factors.
The possible prognostic variables considered in the Cox's proportional hazard model were age, gender, lymph node metastasis (LN), size of tumor, cancer stage (early stage of I and II, late stage of III, IV).
Using stepwise variable selection with the nine factors including these clinical prognostic factors in the Cox's regression model, factor 6 and clinical prognostic factor, LN were identified as significant factors in relation to the hazard rate of recurrence of gastric cancer, with significance level of entry and effect to stay 0.05 (Table IIIA) . Factor 6 was a common factor characterizing genes that were altered in gastric cancer patients, which was found to be related to the disease-free time of gastric cancer and was utilized as the GAS. This GAS was a linear combination of the changes in the copy-number of the selected 82 genes.
The rotated factor patterns of Table IIA show three genes, AA290624, AA421335 and AA278852, that were representative of the GAS characteristic and were distinguished from the characteristics of the other eight factors; these genes contribute the most among the nine factors to the GAS. It is noteworthy that of the three genes, AA290624 and AA421335 had a positive correlation with the GAS and displayed gains with a high frequency, and AA278852 had a negative correlation with the GAS and displayed a loss with a high frequency, which will be discussed with Table IIB in the section of 'Results'. Table IIIA shows the result with the stepwise variable selection in the Cox's proportional hazard model. It indicates that the patients with a positive GAS had a higher risk of recurrence per unit time than a patient with an average GAS and LN * when adjusting LN * , where LN * is the lymph node a b c Figure 1 . (a) Estimated disease-free survival curves using the score GAS_I and GAS. Estimated survival functions incorporating GAS_I and GAS, respectively where average prognostic factors incorporated in the Cox's model are 0.119 for lymph node metastasis and 0 for GAS_I and GAS. (b) Scree plot for the proportions of variability explained by the factors. x-and y-axis represent factor number and eigen value for the proportion of variability explained by the corresponding factor. (c) Kaplan-Meier survival curves on the two groups, GAS<0 and GAS>0. Value inside parenthesis is median survival time and a + indicates that the median survival time was limited to 65 months. Table II . Characteristics for the 82 representative genes. Table IIA . Continued. Mean F1  F2  F3  F4  F5  F6  F7  F8  F9  - 
-----------------------------------------------------------------------------------------------------Gene Bank Accession ID Gene name Loss Gain

----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------
The third and the fourth columns are frequency of losses and gains observed from the 30 patients' arrays for each gene. The fifth column is the mean of copy-number changes over the 30 arrays for each gene. F1 through F9 denote Factor1 through Factor9, and entries are factor loadings of the nine factors for each gene. Bolded text, shows a strong correlation with the corresponding factor. 
-----------------------------------------------------------------------------------------------------B, Genes having correlation of at least 0.3 with disease-free-time related score, GAS -----------------------------------------------------------------------------------------------------Gene Bank Accession ID Gene name Loading of GAS Frequency of gains Frequency of losses Mean -----------------------------------------------------------------------------------------------------
metastasis centralized about its mean 1.19 after being multiplied by 10. The hazard rate of the GAS is 2.124, which implies that the estimated risk of recurrence per unit time increases 2.124 times for patients that have a one unit increase of GAS, when adjusting LN * , relative to a patient with average values for lymph node metastasis and GAS. Since GAS was established as a variable following a normal standard distribution with mean 0 in factor analysis, two groups of patients with positive and negative GAS (denoted with GAS>0 and GAS<0) were investigated.
Kaplan-Meier survival curves, shown in Fig. 1c , indicate that the difference between the curves of the two groups, GAS>0 and GAS<0 was significant (p-value 0.036). The median survival time when GAS>0 was 31 months; when GAS<0, the median survival time was 41.875 months and this estimation was determined over a 65 month time period, since the estimated disease-free survival rate was large when GAS<0.
The associations of the genetic alteration score (GAS>0, GAS<0) with cancer stage (early/late stage), recurrence status, and survival status were analyzed using the Chi-square test. ONCOLOGY REPORTS 22: 421-431, 2009 Table III. Characteristics for GAS. 
-----------------------------------------------------------------------------------------------------A, Selected factors with the Cox's proportional hazard model -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------
Associations of the GAS with cancer stage, recurrence and survival status
Patient groups (no. of patients) (no. of patients) (Chi-square test) -
----------------------------------------------------------------------------------------------------
a Denotes significance at 10% error rate.
- 
----------------------------------------------------------------------------------------------------C, Comparison of the prognostic indices between two groups -----------------------------------------------------------------------------------------------------Category Class Cases Median prognostic index P-value (K-S test) -----------------------------------------------------------------------------------------------------
Concerned event on sensitivity is death, late cancer stage and recurrence for survival status, stage status and recurrence status, respectively in part D shown above.
-
From this analysis, the genetic alteration score was found to be associated with the recurrence status and survival status; however, it was not associated with cancer stage as shown in Table IIIB . GAS reflects a patients' genetic alteration levels better than a simple summation of the gene genetic alteration levels in the sense that weights were assigned to genes according to their accountabilities for the score variable. This weight was the coefficient of the gene in the linear combination used in determining the GAS, while loading of the GAS for each gene explains the correlation between GAS and the corresponding gene. GAS had a significant relationship with the diseasefree time and thus with the disease-free survival rate for the recurrence of gastric cancer. In addition, the GAS may provide insight into genes that affect the disease-free time and therefore, affect the disease-free survival rate. By investigating the loading of GAS for each gene, it is possible to find genes that are strongly related to GAS and therefore possibly related to the disease-free survival rate.
Results
Searching genes related to disease-free time in gastric cancer.
Genes with large positive or negative loadings had a strong correlation with GAS and therefore these genes may be related to the disease-free time of gastric cancer. In Table IIB , the GAS loading for each gene were listed in ascending order for genes that showed a positive or negative correlation of at least 0.3 with GAS of the 82 selected gene in the S opt . The frequency of gains and losses observed from the 30 arrays (patients) and the mean intensities (copy-number changes) are also provided. These were the genes that have a possible relationship with the disease-free time of gastric cancer since GAS is significantly related to the disease-free time of gastric cancer (Table IIIA) .
As shown in Table IIB , genes that had a strong positive correlation with GAS also displayed a high frequency of gains, except AA421335; genes that had a strong negative correlation with GAS also had a high frequency of losses, except N70013 and AA236957. The three genes, AA290624, AA421335 and AA278852 described in Table IIA are highlighted with an asterisk.
Prognostic index and disease-free survival function reflecting genetic information. By incorporating the GAS in the Cox's regression model, each patient's PI, which reflects the genetic information for assessing the hazard rate of recurrence, can be obtained. By doing this it would be possible to predict an independent patient's disease-free survival rate.
Each patient's PI, log e h i (t, x)/h 0 (t, x), which measures the patient's prognosis upon the recurrence of gastric cancer, was obtained using the following equation: log e h i (t, x)/h 0 (t, x) = 0.749LN * + 0.753GAS (2) where h i (t, x)/h 0 (t, x) was the relative risk of recurrence per unit time, that is, the ratio of the risk for a patient with a given set of GAS and LN * to the risk for a patient with an average LN * and GAS value of 0; the coefficients for LN * and GAS are from Table IIIA obtained by variable selection with the Cox's proportional hazard model. This index was used to compare the prognosis or relative risk between patients with different GAS and LN * values. The disease-free survival function for a patient with a prognostic index of PI, was estimated using was the estimated survival function at the baseline, which was obtained from Kaplan-Meier's survivor function and PI was obtained by the equation (2); this estimated disease-free survival function reflected not only the genetic information but also the significant clinical factor of each patient.
Based on changes in the copy-number of the 82 genes, each patient's GAS and estimated PI was determined and shown in Table IV .
The predicted PI was found to be very useful in determining a patient's prognosis. Table IIIC . Furthermore, the median prognostic indices were different between any of the two groups (Table IIIC) .
The estimated disease-free survival curves with an average prognostic index PI for each of the two groups, indicate that there was a significant difference between the two groups; median survival time was denoted in parenthesis where a + indicates that the estimated median survival time was limited to 65 months (Fig. 2a1-3) ; a steep disease-free survival curve represents a low disease-free survival rate or short survival time to recurrence.
In addition, when classifying patients using the prognostic indices, the correct rate for classification upon their recurrence status was found to be 83.33%, which reached 95.83% when the same procedure for the three subsets of the 82 genes was applied to overcome the problems associated with a small sample size (shown in the next sub-section).
Classifying gastric cancer patients with the predicted prognostic index. The recurrence status of patients was classified based on the PI, where a threshold 0 was used to determine the classification of the patient since the ratio of the risk of recurrence per unit time for a patient with a prognostic index 0 to the risk for a patient whose prognostic factors were at their average values was expected to be 1. Fig. 2b shows the classification of patients' recurrence status determined from the predicted prognostic index of the patient, where the patient with negative (positive) prognostic index was classified as non-recurrence (recurrence) shown on the left (on the right).
No information on the recurrence status or disease-free survival time of six patients out of the 30 patients was available; thus, they were not considered on classification. Twenty out of 24 patients were correctly classified whose correct classification rate was 83.33%.
It is noteworthy that GAS was constructed as a random variable that follows a standard normal distribution, which , where allows for finding the percentile of the patient's GAS score. For example, patient ID 15 had GAS score 1.069 which is 86 percentile of GAS, thus had a high risk of recurrence and actually had recurrence. However, using only significant clinical factor, this patient was not correctly classified since this patient had a good prognostic factor, a small LN of 0.043 (LN * of -0.751) while correctly classified by the model incorporating GAS.
Four patients, ID 1, ID 8, ID 24 and ID 26, were misclassified; a large GAS was found for the patients misclassified as recurrence (ID 1 and ID 24) and a small GAS was found for the patients misclassified as non-recurrence (ID 8 and ID 26). Since GAS was the one of the common characteristics for the 82 genes' variability and explained with a linear combination of the 82 genes, it could be better estimated when the sample size is at least the same as the number of genes coefficients that were being estimated. For this, the set of 82 genes was divided into three disjoint subsets such that the number of genes in each subset was not more than the sample size and the union of the three subsets included all 82 genes. Each subset was subjected to the same procedure that was performed on the set of 82 genes and the patient recurrence status was determined on the status with the larger frequency from the decisions obtained from the three Cox's proportional hazard models. Using this modified method, only one patient, ID 8, of the 24 patients, was misclassified, which correspond to a correct classification rate of 95.83%. This result indicates that it may be possible to achieve a 95.38% accuracy in classifying cancer patients using the prognostic index predicted by the method presented in this study when the sample size is large.
The classification rates when the predicted prognostic index with a threshold of 0 was used to assess the patient status on gastric cancer are shown in Table IIID . The primary concern of this study was on the genes altered in gastric cancer and finding the characteristic related to disease-free time among the characteristics of those altered genes and therefore the model was built on the 82 genes which are showing alteration in gastric cancer rather than distinguishing recurrence status. It is noted that even though the classifications were made with prognostic index obtained with disease-free time related score, the correct classification rates were not low.
Discussion
In this study, a genetic alteration score that was related to the disease-free time of gastric cancer was established and genes with a possible relationship to disease-free survival rate were examined by investigating the loading of GAS. The use of a predicting PI based on the GAS score to assess the hazard rate and survival rate of recurrence was also investigated. This study was conducted with data from the Cancer Metastasis Research Center at Yonsei University, where 30 pairs of gastric tumor and normal gastric tissues were used in the cDNA microarray-based CGH.
The primary concern of this study was to investigate the characteristics of genes that were altered in gastric cancer and especially the characteristics that were related to the diseasefree time and thus related to the disease-free survival rate of gastric cancer. To achieve this, a GAS that was related to the disease-free time was constructed and a PI that reflects the GAS was obtained with a model that was built on genes that displayed alteration with high frequency in relation to gastric cancer. The GAS was determined with linear combination of copy-number changes of the representative genes altered in gastric cancer. The copy-number of 82 genes were found to be altered (gain or loss) with at least a 30% frequency after genes with small variations across arrays were screened.
GAS has been found to be positively related to the risk of recurrence per unit time and thus patient with a positive GAS had a high risk of recurrence. The genetic alteration score (GAS>0 and GAS<0) was associated with both the recurrence status and survival status. It has also been shown that the estimated disease-free survival curves were statistically different between patients with positive GAS and negative GAS. GAS allowed for the identification of candidates for disease-free time related genes of gastric cancer, which was possible by examining the loading of GAS for each gene.
GAS was used to obtain a prognostic index that reflected the patient genetic information. The predicted PI provided each patient's estimated disease-free survival rate.
In regards to the characteristics of the genes altered in gastric cancer, another concern in relation to the GAS and prognostic index was the relationship of the PI with the recurrence status, survival status and cancer stage status. When this was examined, the patient prognostic indices were found to be statistically different between any of the two groups, early cancer stage versus late cancer stage, nonrecurrence versus recurrence and survival vs. death. These results imply that the prognostic index predicted by the model that incorporated GAS can be used not only for comparing disease-free survival rate between patients with different LN and GAS but also for distinguishing patient cancer stage, recurrence status and survival status. When obtaining a patient's PI incorporating GAS into the Cox's regression model, it was possible to predict the recurrence status, survival status and cancer stage with a correct classification rate of 83.33, 83.33 and 79.17%, respectively, which could be increased at a larger sample size.
GAS was determined using a technique that finds linear combinations of the original variables that best account for the variability in the data and GAS was one of the characteristics that expressed copy-number changes using a linear combination of the 82 genes. Thus, GAS could be better estimated when the sample size is at least the same as the number of genes coefficients that were being estimated. A modified method was applied for investigating this fact. Three disjoint subsets were established such that the union of the three subsets resulted in a representative set of the 82 genes. The same procedure was used for each subset and the patient recurrence status was determined based on the outcomes from the three Cox's proportional hazard models. Table IV . The patient GAS and predicted prognostic index in 30 patients.
-------------------------------------------------
Patient ID LN * 
GAS Predicted prognostic index (PI) -------------------------------------------------
-------------------------------------------------LN
* is the lymph node metastasis centralized about the mean after being multiplied by 10, that is, it is obtained by 10*LN-1.19.
-------------------------------------------------
Using this modified procedure, 23 of the 24 patients were correctly classified. Based on these results, it is expected that the correct rate for determining the recurrence of cancer would be improved when the sample size is large.
